In former publications from this laboratory (1, 2) it was shown that diabetic patients were unable to form agglutinin to as high a titer as normal controls following inoculation with a B. typhosus vaccine given according to the standard technique. It was further demonstrated that the bactericidal power of the blood from diabetic patients was definitely less than that of normal controls when tested against six pathogenic organisms. This failure was found to be due to the amboceptor, as the blood from the diabetics contained complement in an amount equal to that of non-diabetic controls. At the same time it was shown that the smallest amount of agglutinin was formed by those diabetics who were in the most unsatisfactory metabolic balance. Rabbits which had been kept on a low food intake for several weeks before the inoculation with vaccine always showed a similarly diminished ability to form agglutinin with some alteration in metabolic balance as evidenced by a marked loss in body weight. From these investigations it appeared that at least a part of the commonly recognized susceptibility of diabetics to infection might be concerned with their decreased power to form immune bodies as compared with normal individuals.
A large part of the previous work on the resistance of the body to disease has dealt only with the immunological aspect. In addition to the variations in antibacterial activity, there are, of course, many chemical and physical alterations in the tissues and fluids of the host which may have an influence on the ability of the body cells to react to such bacterial products as are not overcome by the antibacterial forces of the body. The bacteria themselves have a variable ability to attack the host with their toxins and to protect ' Aided by a grant from Eli Lilly and Company, Indianapolis, Ind. themselves by such means as their capsules. Thus infection with its accompanying inflammation would appear to consist of an interaction of the offensive and defensive forces of both the host and the infecting agent.
In this report are presented the results of some further observations and experiments on the formation of antibodies and the resistance to infection in diabetic patients and experimental animals. In the latter an attempt has been made to reproduce certain of the factors which are commonly present in the diabetic with a view to determining their influence on the ability of the body to resist infection. Among these factors are the amount of sugar of the blood, the total protein, albumin, globulin, and cholesterol of the serum and glycogen of the tissues. These factors have been studied in connection with (1) the ability to form antibodies in both diabetic patients and experimental animals, (2) the survival time after intravenous inoculation of animals with bacteria, (3) the spread of bacteria throughout the body from an experimentally inoculated focus, and (4) the ability of the blood to destroy the bacteria in vnvo.
In experiments on the formation of antibody B. typhosus vaccine was used according to the standard technique. In all other experiments, suspensions in normal saline of an 18-hour broth culture of staphylococcus aureus were used. This strain of staphylococcus aureus, which has been used throughout the entire investigation, was isolated from the blood of a fatal case of bacteremia, and has been maintained for the past 3 years by semiweekly transplants on plain agar plates. Only smooth colonies were fished for transplant so that few rough colonies appear in the culture.
The blood sugar was determined by the Benedict method, serum cholesterol by Bloor's method, and serum protein and serum albumin by Pregl's modification of the Kjeldahl. Serum globulin was taken as the difference between the total protein and the albumin. Glycogen of the tissue was determined by a modification of Pfluiger's method.
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The agglutinative titer was measured by Dreyer's macroscopic method, using a formalinized antigen, readings being made after 2 hours in the water bath at 550 C. followed by 18 hours' refrigeration at 6°C.
Quantitative determination of bacteria in blood was made by plating one half cubic centimeter of blood in plain agar by standard bacteriological technique. Tissues were ground with sterile sand and plated in plain agar plates after proper dilutions with broth according to standard technique. Control cultures of bacteria-free blood and tissues were made to check the sterility of these procedures.
In an attempt to determine the influence of the amount of sugar in the blood and the amount of glycogen in the tissues on the survival time of experimental animals following an intravenous inoculation with bacteria, the following investigations were undertaken. Normal, adult rabbits weighing about 3 kgm. were used. Each rabbit was given intravenously from 1 to 7 cc. of an 18-hour broth culture of staphylococcus aureus. Different amounts of bacterial suspension were given in different experiments, but all the animals in each experiment received the same amount. At intervals after the inoculation blood was withdrawn from an ear vein for culture and sugar determination. For the sake of clarity the experiments will be described in three groups.
In Group I the rabbits were given glucose intravenously during the course of the bacteremia, in Group II they were given epinephrine subcutaneously during the course of the bacteremia, and in Group III they were given glucose intravenously previous to the inoculation with bacteria.
In Group I and II blood was withdrawn from an ear vein for culture and determination of sugar 3 or 4 times at intervals of 4 hours after the inoculation with bacteria. The animals were used in the same order for the inoculation and each successive bleeding, so that the elapsed time between successive determinations was as nearly equal as it could be made, and in each rabbit did not vary more than 10 minutes from the average for the whole group. The animals seldom showed any clinical evidence of the septicemia for from 6 to 8 hours after the inoculation. After this, however, some began to show symptoms of the infection and 11 or more hours after inoculation death occurred.
Group I. In 8 experiments 22 rabbits were given glucose intravenously and 13 controls were given an equal amount of physiological saline solution. The results of the blood cultures on these animals are shown in Figure 1 . They are given as the ratio between the number of bacteria in 0.5 cc. of blood from the rabbits which had received sugar, and the number in the blood from the control rabbits used in the same experiment, and are plotted logarithmically. The comparisons were made only between the cultures taken an equal number of hours after the injection of the bacteria. If only one control rabbit was used with several rabbits receiving sugar, the blood cultures of the latter were each compared with the single control. If more than one control rabbit was used, an average of the number of bacteria in the blood cultures of all the control rabbits was used for comparison with the number of bacteria in the blood of each rabbit receiving sugar. These ratios are grouped according to the sugar in the blood of the glucose-treated rabbits taken at the same time as the blood culture. In the first sub-group are shown those in which the blood sugar was below 140 mgm., in the second subgroup those with blood sugar between 140 and 200 mgm., and in the third sub-group those with a blood sugar over 200 mgm. per 100 ml. of blood at the time the culture was taken.
It is evident that there is no significant difference in the number of bacteria in the blood of those animals given intravenous glucose during bacteremia, whether their blood glucose was normal or high, and the controls with a normal blood sugar.
Group II. In 3 experiments 7 rabbits were given epinephrine and 5 were used as controls. The bacteria were given intravenously 1 hour after the first injection of epinephrine while the blood sugar was above 200 mgm. per 100 ml. of blood. Blood for culture and sugar determination was withdrawn as in the experiments of Group I.
The results are also shown in Figure 1 . It is apparent that there is no significant difference between the number of bacteria in the blood of the control rabbits and that of the rabbits with hyperglycemia produced by injections of epinephrine.
Group III. In 4 experiments in which 16 rabbits were given glucose and 9 were used as controls, 7 intravenous injections of from 2.5 to 5 grams of glucose were given at hourly intervals, followed, after the seventh injection, by the inoculation with bacteria as previously described. No glucose was given after the inoculation. Blood for culture and sugar determination was withdrawn 15 hours later.
The results of these determinations are also shown in Figure 1 . It is evident that the injection of glucose before the bacteria were given had no significant influence on the number of bacteria in the blood.
In order to determine the effect of the bacExp.
cont. anesthesia when it was evident that the animal would die soon. The greatly increased glycogen in the liver of the rabbits receiving glucose intravenously as shown in this table is correlated with the longer duration of life in the rabbits in Group III shown in Table I .
In view of these results it was decided to continue this work with depancreatized cats. It was thought that in this way an experimental diabetes could provide a more prolonged hyperglycemia than was obtained in the rabbits and certain other alterations in the chemistry of the body commonly found in diabetic patients. Normal cats about 2.5 kgm. in weight were completely depancreatized and maintained for from 3 to 60 days on a diet of fish, beef liver and pancreas. Insulin was given subcutaneously twice daily in different amounts, depending on the diet. No attempt was made to maintain normal blood sugar. In order to vary the nutritive condition of the animals the diets given varied from a normal diet to one slightly above basal requirements. Some cats refused food for several days before the experiments in which they were used.
Thirteen experiments were done, in each of which 1 normal and 2 depancreatized cats were generally used. At the beginning of each experiment, under nembutal anesthesia, blood was taken from the inferior vena cava for determination of sugar, serum cholesterol and serum protein, and tissue from liver and muscle for glycogen. One cc. of staphylococcus aureus suspension per kilo of body weight was then injected into the inferior vena cava. For each experiment an 18-hour broth culture was centriftUged and the bacteria resuspended in physiological saline solution so that each cubic centimeter contained 2,000 million bacteria. At 24 and 48 hours after the inoculation such animals as were still living were again anesthetized and blood and tissue removed as already described. Blood was removed at these times for culture also. The survival time and the glycogen of the liver of these cats at the time of inoculation with bacteria are shown in Table III . It would appear from these experiments that, as shown in this table, those depancreatized animals which had more glycogen in the liver at the time of inoculation survived a longer time after the inoculation with bacteria.
The amount of glycogen in the muscles of these animals at the time of inoculation is shown in Table IV. It is apparent that there is no significant correlation between the survival of the animals and the glycogen of the muscle at the time of There was thus no constant reaction of the muscle glycogen to the infection nor was there any correlation between it and the duration of life after inoculation. In those animals in which there was an increase in percentile muscle glycogen there was usually a greater decrease in the percentile glycogen in the liver. With such changes in distribution of the glycogen in the body no inferences can be drawn as to total body glycogen.
The number of bacteria in the blood 24 hours after inoculation varied greatly in both the depancreatized and in the normal animals. There was, however, no significant difference in this respect between the two groups. Table VI shows the results of these determinations. All cultures of the blood at the end of the 24-, 48-and 72-hour periods contained bacteria. In those animals which died there was no correlation between the number of bacteria in the blood at these times and the duration of life after inoculation with bacteria. In the 4 normal cats which survived the infection there appeared to be a definitely smaller number of bacteria per 0.5 cc. of blood at these times. Cultures on these animals made at the end of 24 hours contained 96 ± 43 bacteria per 0.5 cc. of blood. A study of the sugar and of the number of bacteria in the blood of the depancreatized animals shows no significant correlation between them.
The cholesterol of the serum in the depancre- In the foregoing experiments in which the bacteria were given intravenously, it is recognized that this method of inoculation is not above criticism, in that it does not reproduce infection in the experimental animals in the manner in which it occurs in the patient. Seldom, if ever, does the blood stream receive bacteria in the large numbers given in those experiments. For that reason it was decided to continue the investigation by giving a much smaller number of bacteria intradermally, and after a certain number of hours to examine the blood and various tissues in order to determine whether the bacteria in the skin were destroyed, and whether there might be found in the normal and depancreatized animals any significant difference in the frequency with which certain other organs of the body had become infected from this focus. In this investigation cats of the same weight as those used in the earlier experiments were depancreatized and maintained in the same manner.
In from 3 to 65 days after pancreatectomy, 0.1 cc. of a suspension of staphylococcus aureus made from an 18-hour broth culture was injected into the skin of the abdomen of 2 depancreatized cats and 1 normal cat. The suspension was made so that 0.1 cc. contained 8 million bacteria. After 24 hours the animals were anesthetized with nembutal and the inoculated area of skin, as well as the blood, liver and spleen, was cultured by standard bacteriological technique. The cultures were made quantitatively so that the results showed the number of bacteria in 0.5 cc. of blood, 1 gram of liver, half of the spleen, and the entire inoculated area of the skin. In order to control the sterility of the method, a number of cultures of normal skin were made. No bacteria were recovered in these cultures. An adjacent piece of liver, spleen, a piece of skin from the side of the body opposite the area of inoculation and symmetrically located, and a piece of muscle were taken for determination of the glycogen content. Blood was also taken for sugar and for total protein, albumin, and cholesterol of the serum. The serum globulin was taken as the difference between Table VII shows the results of the cultures in these animals. As will be noted, there is no difference between the normal and the depancreatized cats in the frequency with which the blood and the site of inoculation in the skin contain bacteria. However, the liver and spleen of the depancreatized animals contained bacteria with definitely greater frequency than those of the normal controls. Furthermore, as shown in Table  VIII , the liver and spleen of the depancreatized animals in which bacteria were present contained a much larger number of organisms than did those organs in the normal controls which contained bacteria. No significant difference is found in the chemistry of the blood and tissues in the normal and depancreatized animals. Table  IX shows an analysis of the amount of glycogen in the liver and skin, of the sugar of the blood, and of the cholesterol, total protein, albumin and globulin of the serum of the depancreatized cats. It was not possible to find any significant correlation between the liver glycogen, sugar, cholesterol, total protein or albumin and the presence of bac- that the presence of bacteria in such a skin focus shows a suggestive but not clearly significant inverse correlation with the amount of glycogen in the skin adjacent to the area of the focus. It would appear from these experiments that the organs of the depancreatized cats, in which were present several alterations of body chemistry commonly found in the diabetic, were definitely more susceptible to metastatic infection from a focus in the skin than those of normal controls. Furthermore, these organs apparently possessed less ability to curtail the growth of such bacteria as were brought to them by the blood or lymph.
The influence of acidosis on the spread of bacteria from a focus in the skin to the liver, spleen and blood was then investigated. The cats were depancreatized and maintained in the same manner as those in the preceding experiments. For several days before the intradermal inoculation with bacteria no insulin was given, the animals being fed as previously. As soon as the urine showed a strongly positive test for acetone by the sodium nitroprusside reaction they were inoculated. A number of the animals died before the end of 24 hours after the inoculation with bacteria and were not studied further. However, 14 which were alive 24 hours after the inoculation were anesthetized with nembutal and the same determinations made as in the previous experiments. In addition, the carbon dioxide content of the blood serum was measured by the Van Slyke volumetric method.
The cultures showed the presence of bacteria in the skin, liver and spleen of all of the animals. Cultures of the blood showed bacteria in 4 of the 14, a frequency not significantly greater than that found in the depancreatized cats without acidosis. The carbon dioxide content of the serum varied from 44 to 17 per cent by volume. Table IX shows the chemical determinations on the blood and tissues of these animals. The variations in the amounts of sugar and cholesterol in the individual animals were so large that these figures are not significantly different from those of the other groups shown in this table. There is apparently a significant decrease in the amount of the total protein of the serum in the cats with acidosis. This is especially noteworthy because, until the time when insulin was discontinued and glycogen in the skin of an area adjacent to the point of inoculation with bacteria. It is evident ketonuria began to develop, these animals were maintained in exactly the same manner as the cats in the other groups shown in this table. The time necessary for the acidosis to become severe, during which time the protein might be expected to have decreased, varied from 3 to 5 days. The serum globulin was significantly lowered in those cats without acidosis in which bacteria were disseminated, as compared with cats without bacteria in the liver and spleen. In the animals with acidosis and dissemination of bacteria the lowering of the serum globulin was less marked. In the analysis of these figures it appears that a lower total protein accompanied a decreased carbon dioxide content of the serum. This was especially clear in a study of the individual observations in which a very low carbon dioxide content of the serum was always accompanied by a total protein below 6 per cent.
In the tissues it will be noted that the glycogen content of both skin and liver is lower in the animals with acidosis and with bacteria in the organs than in those animals without acidosis, in which the liver and spleen contained no bacteria.
In comparing the liver glycogen in columns 2 and 3 of Table IX it is evident that there was no difference in the percentile amount of this substance, whether or not the liver became invaded by bacteria. Furthermore, on a comparison of the liver glycogen in columns 3 and 4 it is evident that, as the livers of both of these groups of animals contained bacteria, the low liver glycogen in column 4 is the result of acidosis, not infection.
Turning to a consideration of the skin glycogen in a control area on the opposite side of the body corresponding in location to the area of inoculation, we find that animals which showed invasion of the organs by bacteria, as shown in columns 3 and 4, had significantly less glycogen than those in which the organs were not infected. If it is reasonable to assume that the glycogen of the control area represents the glycogen of the inoculated area at the time of inoculation, then it is suggested that the low skin glycogen favors the escape of bacteria from the site of infection. However, if one supposes that the low skin glycogen of columns 3 and 4 was the result of a metabolic effect of generally disseminated bacteria, then this argument does not hold.
Part of the investigation was undertaken to determine, if possible, the influence of the sugar of the blood and of the total protein, albumin, globulin, and cholesterol of the serum on the diminished ability of diabetics to form antibodies to as high a titer as do normal controls. B. typhosus vaccine was given to 53 diabetic patients and 32 normal controls according to standard technique. At the time each dose was given, and 2 weeks after the third dose, blood was taken for the above-mentioned examinations, as well as for determination of the agglutinative titer. Table XI   TABLE XI Agglutinative titer of diabetic patients and non-diabetic controls shows the results of the agglutination determinations made 2 weeks after the final injection of vaccine. It is quite evident that there is a marked difference in the titer of the diabetic and nondiabetic sera similar to that found in a previous investigation. Fifty-nine per cent of the nondiabetics agglutinated at a dilution of 1/2560 or more compared with 4 per cent of the diabetics. On the other hand, 13 per cent of the non-diabetics agglutinated at a dilution of 1/320 or less compared with 53 per cent of the diabetics. No correlation, however, was found between the agglutinative titer and the sugar of the blood or the protein, albumin, globulin or cholesterol of the serum in either the diabetic or the non-diabetic groups.
As would be expected, the sugar of the blood and the cholesterol of the serum were frequently found to be higher in the diabetics than in the normal controls. Likewise, the total protein, albumin, and globulin of the serum usually were found to be lower in the former. However, these variations did not appear to correlate with the formation of agglutinins. In view of these observations, it seemed that an investigation of antibody formation in the experimental animal might throw some light on this inability of the diabetic to form agglutinin in as high a titer as normal controls. In this way it was thought possible to reproduce at least some of the factors commonly found in the diabetic patient and to ascertain, if possible, the influence of these factors on antibody formation. To this end depancreatized and normal cats were given B. typhosus vaccine and the sugar of the blood, the agglutinative titer, total protein, albumin, globulin and cholesterol of the serum, and glycogen of the liver and of the muscle were determined. Two series of experiments were carried out. In both series normal cats weighing about 2.5 kgm. were depancreatized and, after recovery from the operation, were placed on a diet consisting of pancreas, fish and liver. Regular insulin or protamine zinc insulin was given in sufficient quantity to maintain the animals in as nearly normal a condition as possible. The controls were normal cats of about the same weight maintained throughout the duration of the experiments on a diet of fish and beef heart. The cats in the first series of experiments were given a diet of two and one half times the basal requirement with more insulin, while those in the second series received 50 per cent more than the basal requirement of food and less insulin than those of the first series.
In each experiment 3 control cats and 3 cats depancreatized from 2 to 60 days previously, were generally used. All were given 0.1 cc. of B. typhosus vaccine intravenously. Four depancreatized cats and 1 control cat died less than 24 hours after receiving vaccine.
In the first series of experiments a total of 6 depancreatized and 10 normal cats which survived the inoculation were anesthetized with nembutal 7 days after inoculation, and blood was taken for determination of the agglutinative titer. Table  XII shows the agglutinative titer of these animals. It is apparent from these figures that there is no significant difference in the agglutinative titer of the serum of the normal and of the depancreatized animals. A second series of experiments was done on 6 normal and 12 depancreatized cats. All procedures were the same as those used in the first series except that a different lot of B. typhosus vaccine was used, and the animals were given a lower caloric diet and less insulin. The agglutinative titer of the blood of these animals taken on the 7th day is shown in Table XII. It will be noted that on this day there appears to be a slightly higher titer in the depancreatized than in the normal cats of the second series of experiments. Table XIII gives the results of the other examinations of the blood and tissues in these animals. The table shows that, although the serum cholesterol is generally lower in the depancreatized animals, there is no correlation between this and the agglutinative titer in the individual animals. However, of the 4 cats with the lowest titer, 2 had no chemical analyses. Of the other 2, both had much lower liver glycogen than any of the normal or other depancreatized cats, and 1 had lower serum protein and serum globulin than the other cats. Examination of the individual protocols indicates that these 4 cats were less well nourished, either through refusal of food or inadequate insulin, than any of the other depancreatized cats in the table. Their average daily intake of meat during the experiments varied between 39 and 69 grams while the other depancreatized cats took between 97 and 130 grams of meat daily.
The elapsed time between the pancreatectomy and the inoculation appears to have no influence on the formation of agglutinin.
It is apparent from the above experiments that depancreatized cats, as compared with normal controls, may lose the ability to form antibody in the blood when their nutrition is impaired. They may thus be compared to the diabetic pa- In all of these experiments variations in the blood chemistry, some of which are commonly found in the diabetic patient, appear, with the exception perhaps of globulin, to have no effect on the formation of agglutinins, the survival after intravenous inoculation with bacteria, the growth of bacteria in the blood or the dissemination of bacteria to various organs from a primary focus in the skin. There is a significantly smaller amount of serum globulin in the blood of those depancreatized cats in which the liver or spleen showed bacteria 24 hours after the intradermal inoculation with bacteria. The decreased ability in the patient to form agglutinins may perhaps be caused by an altered nutritional state similar to that in the underfed rabbits and the last 4 of the depancreatized cats in Table XIII. The ability of the experimental animal to survive after a bacterial infection appears to be definitely increased by the presence of a larger amount of glycogen in the liver or by some meta-bolic change which accompanies this increased liver glycogen. On the other hand, this larger amount of glycogen does not appear to increase the ability of the individual tissues or organs to inhibit the growth of bacteria coming to them from a primary focus in the skin.
In these experiments it was evident that depancreatized cats exhibited definitely greater frequency of dissemination of bacteria from a focus in the skin to the liver or spleen. These observations in the animals under the conditions of these experiments accord fully with the clinical experience that, in general, the diabetic is less able than the normal person to control adequately even a mild infection in the skin.
Whether this inability to curb the bacteria resides in the tissues of the primary focus or in the organs to which the bacteria are disseminated, or both, is as yet unknown. The abnormal condition which allows the bacteria to invade the organs of the diabetic, as well as of the depancreatized animal, may be in the tissue in which the primary focus occurs. It is suggested from the above experiments that the percentile amount of glycogen in the skin reflects this alteration in the tissue. CONCLUSIONS 1. A significant correlation is shown to exist in normal rabbits and depancreatized cats between the percentile amount of glycogen in the liver and the survival time after intravenous inoculation with bacteria.
2. A lowered nutritional state, accompanied by decreased liver glycogen, is shown to exist in depancreatized cats in which a low agglutinative titer is found after injection of B. typhosus vaccine.
3. Alterations in the blood of these animals, such as are commonly found in diabetic patients, do not appear to influence the survival time or the ability to form agglutinins.
4. The organs of depancreatized cats 24 hours after an intradermal inoculation with bacteria show the presence of these bacteria with greater frequency than do the organs of normal controls. Alterations in the sugar of the blood and of the cholesterol, protein, albumin and globulin in the serum and glycogen in the liver do not appear to influence this dissemination of bacteria from a focus.
5. Acidosis appears to increase the frequency with which this dissemination of bacteria occurs.
6. The percentile amount of glycogen in the skin of depancreatized cats shows a suggestive, though not clearly significant, correlation with this dissemination of bacteria from a skin focus to the organs of the body.
